This study confirms that the amount of masticatory movement has an influence over variations of the masticatory path, and that there is a proportional relation between the amount of movement and variations of the masticatory path.
Introduction
It has been reported that while healthy subjects show a regular and stable movement rhythm and path, patietnts with temporomandibular disorders (TMD) or malocclusion exhibited irregular and unstable movement path and rhythm. [1] [2] [3] [4] [5] [6] These findings suggest the possibility of quantitative evaluation of masticatory function based on the stability of the masticatory movement.
The temporal parameter of movement rhythm and spatial parameter of movement path have been reported as quantitative indicators representing the stability of the masticatory movement. 3, 4, 7, 8 The standard deviation or coefficient of variation of opening, closing, occluding, and cycle time were calculated for the temporal parameter. When the measure (average time) of the temporal parameter is different among subjects, the coefficient of variation is used rather than the standard deviation because the standard deviation is directly influenced by the difference. On the other hand, for the spatial parameter, the standard deviation 3,7 is used rather than the coefficient of variation because the coefficient of variation becomes large even with a stable path when the coordinate value on the average path is small. Thus, for the spatial parameter, the difference in measure (amount of movement) is not taken into consideration.
Therefore, in this experiment, in order to overcome this problem the relationship between the amount of movement and variations of the masticatory path was analyzed.
Materials and methods

Subjects and test food
Forty healthy subjects (20 males and 20 females, average age; 26.2 years) between 21 and 35 years of age were selected. Informed consent was obtained from each of the subjects after he/she had been provided with an explanation of the general nature of the study. None of the subjects had clinical abnormalities of the masticatory system. The following selection criteria were applied: no complaints about their bite; with a full complement of teeth excluding the third molars; with no major dental restorations and no history of orthodontic treatment. A softened chewing gum (Recaldent ® , Cadbury, Parsipany, NJ, USA) was used as the test food. The weight of softened gum was about 1 g.
Recording method
The subjects were seated comfortably in a chair so that their Frankfort horizontal plane was parallel to the floor. The movements of the mandibular incisal point while the subjects masticated the test food for 20 seconds on the habitual chewing side was recorded by Mandibular Kinesiograph (MKG K-6I, Myotronics, Seattle, WA, USA).
Analyzing method
Using the CO (centric occlusion) of each cycle from the fifth cycle to the fourteenth cycle as the standard, the coordinates for each cycle were determined by vertically dividing the opening and closing paths into 10 equally spaced sections in the frontal view (Figs. 1A, 1B, 1C). From these coordinates, the average path and SD (standard deviation) were calculated (Figs. 1D, 1E ).
The opening distance (amount of vertical move- (Table 2) . Then, these values were used as indicators representing variations of the masticatory path. All the data were analyzed with a statistical software (SPSS for Windows 10.0J, SPSS, Chicago, IL, USA). The relationships between the indicators for the amount of movement and indicators for variations of the masticatory path were investigated using Pearson's correlation coefficient test.
Results
The indicators for variations of the masticatory path were large when the opening distance was large, and there was a significantly positive correlation between the two (lateral opening; r =0.508, lateral closing; r =0.685, vertical; r =0.526, P <0.01). There was no correlation between the masticatory width and the indicators for variations of the masticatory path (lateral opening; r=0.298, lateral closing; r=0.307, vertical; r=0.273, P>0.10).
Discussion
Ogawa et al 9 investigated the movement of the mandibular incisor point, and reported that the average values and standard deviations were 14.9 mm and 3.6 mm for the opening distance, 0.75 mm and 0.66 mm for the lateral displacement of the opening path, and 3.5 mm and 1.9 mm for the lateral displacement of the closing path. These results suggest that there are large individual variations for the spatial parameters, that is, the amount of vertical movement and amount of lateral movement. Therefore, the influence of these differences should be taken into consideration for the evaluation of the spatial parameter.
Although mastication is maintained in a rhythmic pattern by the pattern generator in the brain stem, it is also affected by the texture of the food. 10 Homothetic changes of the masticatory path with the alterations of the masticatory movement according to changes in the food texture have been reported. [11] [12] [13] [14] Then, a constant relation between variations of the masticatory path and the amount of vertical and lateral movement may be expected. However, in this experiment, there was a positive correlation between the opening distance and variations of the masticatory path, there was no correlation between the masticatory width and variations of the masticatory path. The reason for this discrepant result is thought to be because each human subject has a characteristic masticatory behavior, and the masticatory path can be classified into several patterns. 15, 16 There are cases with the chopping type of behavior with a small width and those with the grinding type of behavior with a large width, that is, the masticatory width of the subjects would also differ based on the pattern, even among subjects with a similar stability of path. From this experiment it was clarified that the variation of path was unrelated to the amount of lateral movement, but was proportionally related to the amount of vertical movement. Therefore, attention must be paid to the effect of the amount of vertical movement on the variations of the masticatory path when standard deviation is applied for evaluating the stability of the masticatory movement path. Then the ratio of the standard deviation by the opening distance may be useful for evaluating the stability of the path.
Conclusion
In order to clarify the effects of the amount of masticatory movement on the variations of the masticatory path, 40 healthy subjects were asked to chew softened chewing gum on their habitual side. The indicators representing the amount of masticatory movement and the indicators representing variations of the masticatory path were calculated, and the relationship between the two kinds of indicators was investigated. We concluded from the results that the variation of the masticatory path of the incisor point was not related to the amount of lateral movement, but was closely and proportionally related to the amount of vertical movement. 
